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SEMICONDUCTOR DEVICE , IMAGING impossible to maintain required insulating performance . 
DEVICE , AND MANUFACTURING Therefore , it is desired to reduce the size without degrading 

APPARATUS the insulating performance . 
The present technology has been achieved in view of such 

CROSS REFERENCE TO RELATED a situation , and can provide a substrate maintaining insulat 
APPLICATIONS ing performance of an electrode for connecting upper and 

lower substrates to each other . 
This application is a U.S. National Phase of International 

Patent Application No. PCT / JP2018 / 037324 filed on Oct. 5 , Solutions to Problems 
2018 , which claims priority benefit of Japanese Patent 
Application No. JP 2017-202384 filed in the Japan Patent A semiconductor device according to an aspect of the 
Office on Oct. 19 , 2017. Each of the above - referenced present technology includes a through hole that penetrates a 

semiconductor ibstrate , an electrode at the center of the applications is hereby incorporated herein by reference in its 
entirety . through hole , and a space around the electrode . 

An imaging device according to an aspect of the present 
TECHNICAL FIELD technology includes a photoelectric conversion unit that 

performs photoelectric conversion , and an inter - pixel light 
shielding unit formed between the photoelectric conversion The present technology relates to a semiconductor device , 

an imaging device , and a manufacturing apparatus , and 20 ductor substrate in a depth direction . The inter - pixel light units each formed in an adjacent pixel through a semicon 
relates to , for example , a semiconductor device , an imaging shielding unit includes a light shielding member at the device , and a manufacturing apparatus that are suitable for center , and has a space between the light shielding member application to an electrode connecting wirings formed in and the semiconductor substrate . 
laminated layers to each other . A manufacturing apparatus according to an aspect of the 

present technology manufactures a semiconductor device 
BACKGROUND ART including a through hole that penetrates a semiconductor 

substrate , an electrode at the center of the through hole , and 
In recent years , as demands for miniaturization and higher a space around the electrode . 

speed of a semiconductor device increase , miniaturization In a semiconductor device according to an aspect of the 
and multilayering of wiring have been promoted . For 30 present technology , a through hole that penetrates a semi 
example , in a solid - state imaging device , a solid - state imag- conductor substrate , an electrode at the center of the through 
ing device configured as one device by electrically connect- hole , and a space around the electrode are included . 
ing a semiconductor chip in which a pixel region having a In an imaging device according to an aspect of the present 
plurality of pixels arranged therein is formed to a semicon- technology , a photoelectric conversion unit that performs 
ductor chip in which a logic circuit that performs signal 35 photoelectric conversion , and an inter - pixel light shielding 
processing is formed has been proposed . unit formed between the photoelectric conversion units each 

For example , Patent Document 1 discloses a semiconduc- formed in an adjacent pixel through a semiconductor sub 
tor module in which a back - illuminated image sensor chip strate in a depth direction are included . The inter - pixel light 
having a pad for each pixel cell is connected to a signal shielding unit includes a light shielding member at the 
processing chip having a signal processing circuit formed 40 center , and has a space between the light shielding member 
therein and having a pad by a bump . and the semiconductor substrate . 

In a semiconductor device having such a multilayer In a manufacturing apparatus according to an aspect of the 
wiring process , wiring delay may cause signal delay of the present technology , a semiconductor device including a 
semiconductor device . Therefore , Patent Document 2 has through hole that penetrates a semiconductor substrate , an 
proposed a semiconductor device with reduced inter - wiring 45 electrode at the center of the through hole , and a space 
capacitance . around the electrode is manufactured . 

25 

CITATION LIST Effects of the Invention 

Patent Document 50 

Patent Document 1 : Japanese Patent Application Laid - Open 
No. 2006-49361 

Patent Document 2 : Japanese Patent Application Laid - Open 
No. 2003-163266 

According to an aspect of the present technology , it is 
possible to provide a substrate maintaining insulating per 
formance of an electrode for connecting upper and lower 
substrates to each other . 
Note that the effects described here are not necessarily 

55 limited , and may be any of the effects described in the 
present disclosure . 

SUMMARY OF THE INVENTION 
BRIEF DESCRIPTION OF DRAWINGS 

Problems to be Solved by the Invention 
60 

In a semiconductor device having a laminated wiring 
process , it is necessary to reduce a diameter of an electrode 
for connecting upper and lower substrates to each other due 
to layout restrictions . In order to reduce the size , it is also 
necessary to reduce the thickness of an insulating film 65 
formed between an electrode and a silicon substrate . How 
ever , by making the insulating film thinner , it may be 

FIG . 1 is a diagram illustrating a configuration of an 
embodiment of a semiconductor device to which the present 
disclosure is applied . 
FIGS . 2A , 2B , and 2C are diagrams for explaining lami 

nation of substrates . 
FIG . 3 is a diagram for explaining a through electrode . 
FIG . 4 is a cross - sectional view for explaining a first 

configuration of the through electrode . 
a 
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FIG . 5 is a plan view for explaining the first configuration The CMOS image sensor 10 images an image of a subject 
of the through electrode . and outputs a pixel signal of each pixel . 

FIG . 6 is a diagram for explaining manufacturing of the Specifically , in the pixel region 11 , pixels each having a 
through electrode . photoelectric conversion element that generates charges 

FIG . 7 is a diagram for explaining manufacturing of the 5 having a charge amount corresponding to the amount of 
through electrode . incident light and stores the charges therein are arranged 

FIG . 8 is a diagram for explaining manufacturing of the two - dimensionally in a matrix , and the pixel region 11 
through electrode . images an image . Furthermore , in the pixel region 11 , pixel 

FIG . 9 is a diagram for explaining manufacturing of the drive lines 14 are formed in the horizontal direction ( row 
through electrode . 10 direction ) in the drawing for each row of the matrix - like 

FIG . 10 is a diagram for explaining manufacturing of the pixels , and the vertical signal lines 15 are formed in the 
through electrode . vertical direction ( column direction ) in the drawing for each 

FIG . 11 is a cross - sectional view for explaining a second column thereof . 
configuration of the through electrode . Furthermore , the control circuit 12 includes a vertical 

FIG . 12 is a plan view for explaining the second configu- 15 drive unit 21 , a column processing unit 22 , a horizontal drive 
ration of the through electrode . unit 23 , and a system control unit 24 , and controls read - out 
FIG . 13 is a diagram for explaining manufacturing of the of a pixel signal . 

through electrode . Specifically , the vertical drive unit 21 includes a shift 
FIG . 14 is a diagram for explaining manufacturing of the register , an address decoder , and the like , and drives each 

through electrode . 20 pixel in the pixel region 11 , for example , in units of rows or 
FIG . 15 is a diagram for explaining manufacturing of the the like . One end of the pixel drive line 14 is connected to 

through electrode . an output terminal ( not illustrated ) corresponding to each 
FIG . 16 is a cross - sectional view for explaining a third row of the vertical drive unit 21. A specific configuration of 

configuration of the through electrode . the vertical drive unit 21 is not illustrated , but the vertical 
FIG . 17 is a cross - sectional view for explaining a fourth 25 drive unit 21 has two scanning systems , that is , a read - out 

configuration of the through electrode . scanning system and a sweep - out scanning system . 
FIG . 18 is a plan view for explaining the fourth configu- The read - out scanning system sequentially selects each 

ration of the through electrode . row so as to sequentially read out a pixel signal from each 
FIG . 19 is a cross - sectional view for explaining a fifth pixel in units of rows , and outputs a selection pulse or the 

configuration of the through electrode . 30 like from an output terminal connected to the pixel drive line 
FIG . 20 is a cross - sectional view for explaining a sixth 14 in a selected row . 

configuration of the through electrode . In order to sweep out ( reset ) unnecessary charges from the 
FIG . 21 is a cross - sectional view for explaining a seventh photoelectric conversion ement , the sweep - out scanning 

configuration of the through electrode . system outputs a control pulse from an output terminal 
FIG . 22 is a diagram illustrating an example of a sche- 35 connected to the pixel drive line 14 of each row prior to 

matic configuration of an endoscopic surgical system . scanning of the read - out system by a period of time of a 
FIG . 23 is a block diagram illustrating examples of shutter speed . By the scanning by the sweep - out scanning 

functional configurations of a camera head and a CCU . system , so - called electronic shutter operation is sequentially 
FIG . 24 is a block diagram illustrating an example of a performed for each row . Here , the electronic shutter opera 

schematic configuration of a vehicle control system . 40 tion refers to an operation in which charges of the photo 
FIG . 25 is an explanatory diagram illustrating examples electric conversion element are discarded and exposure is 

of installation positions of a vehicle external information newly started ( charge accumulation is started ) . 
detection unit and an imaging unit . A pixel signal output from each pixel in a row selected by 

the read - out scanning system of the vertical drive unit 21 is 
MODE FOR CARRYING OUT THE INVENTION 45 supplied to the column processing unit 22 through each of 

the vertical signal lines 15 . 
Hereinafter , modes for carrying out the present technol- The column processing unit 22 has a signal processing 

ogy ( hereinafter , referred to as embodiments ) will be circuit for each column of the pixel region 11. Each signal 
described . processing circuit of the column processing unit 22 performs 

< Configuration Example of CMOS Image Sensor > 50 signal processing , for example , a noise removal process such 
FIG . 1 is a diagram illustrating a configuration example of as a correlated double sampling ( CDS ) process or an A / D 

an embodiment of a CMOS image sensor as a semiconduc- conversion process on a pixel signal output from each pixel 
tor device to which the present disclosure is applied . of a selected row through the vertical signal line 15. The 

The present technology can be applied to an electrode CDS process removes a fixed pattern noise unique to a pixel , 
connecting signal lines of substrates to be laminated or 55 such as a reset noise or a threshold variation of an amplifier 
electrode lines ( hereinafter referred to as a through elec- transistor . The column processing unit 22 temporarily holds 
trode ) . Therefore , a CMOS image sensor will be described a pixel signal after the signal processing . 
as an example of a semiconductor device including such a The horizontal drive unit 23 includes a shift register , an 
through electrode . address decoder , and the like , and sequentially selects a 
A scope of application of the present technology is not 60 signal processing circuit of the column processing unit 22 . 

limited to a CMOS image sensor , and can be applied to a By selective scanning by the horizontal drive unit 23 , a pixel 
plurality of substrates ( semiconductor substrates ) when the signal that has been subjected to signal processing by each 
substrates are laminated . signal processing circuit of the column processing unit 22 is 

In a CMOS image sensor 10 , pixel region 11 , a control sequentially output to the logic circuit 13 . 
circuit 12 , a logic circuit 13 , a pixel drive line 14 , and a 65 The system control unit 24 includes a timing generator 
vertical signal line 15 are formed on a semiconductor that generates various timing signals and the like , and 
substrate ( chip ) such as a silicon substrate ( not illustrated ) . controls the vertical drive unit 21 , the column processing 

a 

a 

a 
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unit 22 , and the horizontal drive unit 23 on the basis of the a decoder ( not illustrated ) that reads out data from the 
various timing signals generated by the timing generator . memory cell are mounted . Data and control signal writing 

The logic circuit 13 includes a signal processing unit 31 reading - out lines of the memory chip 72 are drawn from an 
and a memory 32 , and performs predetermined signal pro- external chip via the through electrode . 
cessing on a pixel signal supplied from the control circuit 12.5 The CIS chip 73 includes the CMOS image sensor 10. On Specifically , the signal processing unit 31 has at least an a back surface of the CIS chip 73 , a bump ( not illustrated ) addition processing function . The signal processing unit 31 is formed . A plurality of bumps is formed on the back performs various signal processes such as addition process surface . The CIS chip 73 can be connected to a processing ing on a pixel signal output from the column processing unit unit ( not illustrated ) via the bumps . 22. At this time , the signal processing unit 31 stores a signal 10 Referring again to FIG . 3 , in a case where a plurality of processing intermediate result and the like in the memory 32 chips is laminated , a through electrode is disposed , and the as necessary , and refers to the result at a necessary timing . 
The signal processing unit 31 outputs a pixel signal after chips are electrically connected to each other via the through 

electrode . signal processing . 
The memory 32 includes dynamic random access memory 15 In the memory chip 72 and the CIS chip 73 , a through 

( DRAM ) , static random access memory ( SRAM ) , and the electrode 81 and a through electrode 82 are disposed , 
like . respectively . By connection between the through electrode 

Each pixel of the pixel region 11 , the control circuit 12 , 81 and the through electrode 82 , the logic circuit chip 71 , the 
and the logic circuit 13 in the CMOS image sensor 10 memory chip 72 , and the CIS chip 73 are connected to each 
configured as described above include various active ele- 20 other such that data and power can be exchanged therebe 
ments . For example , each pixel of the pixel region includes 
a photodiode , a transistor , and the like . Note that a function such as data exchange or power 
< Disposition Example in CMOS Image Sensor > exchange is assigned to each of the through electrodes . Here , 
FIGS . 2A , 2B , and 2C are diagrams illustrating a dispo- unless otherwise noted , the description will be continued 

sition example of the CMOS image sensor 10 of FIG . 1 . 25 assuming that the through electrodes are used for data 
The disposition of the pixel region 11 , the control circuit exchange . 

12 , and the logic circuit 13 in the CMOS image sensor 10 The memory chip 72 includes the through electrode 81 in can be , for example , any one of the first to third dispositions order to output an output from the memory chip 72 to the 
illustrated in FIGS . 2A , 2B , and 2C . logic circuit chip 71 or to output an output from the logic That is , the disposition of the pixel region 11 , the control 30 circuit chip 71 to the memory chip 72 . 
circuit 12 , and the logic circuit 13 in the CMOS image Similarly , the CIS chip 73 includes the through electrode sensor 10 may be the first disposition in which all of the 82 in order to output an output from the CIS chip 73 to the pixel region 11 , the control circuit 12 , and the logic circuit 
13 are disposed on one semiconductor substrate 51 as logic circuit chip 71 or to output an output from the logic 
illustrated in FIG . 2A . circuit chip 71 to the CIS chip 73 . 

Furthermore , the disposition of the pixel region 11 , the Each of the memory chip 72 and the CIS chip 73 includes 
control circuit 12 , and the logic circuit 13 in the CMOS a plurality of such through electrodes such that data can be 
image sensor 10 can be the second disposition in which the exchanged between the laminated chips . 
pixel region 11 and the control circuit 12 are disposed on one < First Configuration of Through Electrode > 
of two semiconductor substrates 52 and 53 laminated , and 40 FIG . 4 is a cross - sectional view illustrating a detailed first 
the logic circuit 13 is disposed on the other one , as illustrated configuration of each of the through electrodes 81 and 82 
in FIG . 2B . In the example of FIG . 2B , the pixel region 11 ( hereinafter , the through electrode 81 is exemplified ) in the 
and the control circuit 12 are disposed on the semiconductor vertical direction , and FIG . 5 is a plan view thereof in the 
substrate 52 , and the logic circuit 13 is disposed on the horizontal direction . 
semiconductor substrate 53 . The through electrode 81 is formed through a silicon ( Si ) 

Moreover , the disposition of the pixel region 11 , the substrate 101. On a lower side of the Si substrate 101 in the 
control circuit 12 , and the logic circuit 13 in the CMOS drawing , a silicon oxide ( SiO ) layer 102 and a Sio layer 103 
image sensor 10 can be the third disposition in which the are laminated . The SiO layer 102 and the SiO layer 103 are 
pixel region 11 is disposed on one of two semiconductor different substrates , for example , substrates corresponding 
substrates 54 and 55 laminated , and the control circuit 12 50 to the logic circuit chip 71 and the memory chip 72 in FIG . 
and the logic circuit 13 are disposed on the other one , as 3 , and are bonded at a bonding surface . 
illustrated in FIG . 2C . In the example of FIG . 2C , the pixel Wiring 111 is formed in the SiO layer 102 , and wiring 112 
region 11 is disposed on the semiconductor substrate 54 , and is formed in the SiO layer 103. The wiring 111 and the 
the control circuit 12 and the logic circuit 13 are disposed on wiring 112 are connected to each other . The wiring 111 is 
the semiconductor substrate 55 . 55 connected to an electrode 121 formed in the through elec 

In a case where the CMOS image sensor 10 is a laminated trode 81. The electrode 121 is also connected to an AL pad 
image sensor as illustrated in FIGS . 2B and 2C , the semi- 113. The wiring 111 , the wiring 112 , and the AL pad 113 are 
conductor substrate 52 ( 54 ) and the semiconductor substrate formed using copper ( Cu ) , aluminum ( Al ) , tungsten ( W ) , or 
53 ( 55 ) are connected to each other using a through elec- the like . 
trode . Here , the through electrode will be described . The AL pad 113 is formed in a Sio layer 105 laminated 
FIG . 3 illustrates a semiconductor device in which a logic on an upper side of the Si substrate 101 in the drawing . 

circuit chip 71 , a memory chip 72 , and a CMOS image Between the Si substrate 101 and the SiO layer 105 , a 
sensor ( CIS ) chip 73 are laminated . On the logic circuit chip pre - metal dielectric ( PMD ) 104 is formed . 
71 , for example , an input / output unit , a circuit unit , a The through electrode 81 is a through hole that penetrates 
protection circuit , and the like are mounted . 65 a semiconductor substrate , in this case , the Si substrate 101 . 

The memory chip 72 is a memory chip such as DRAM . An electrode 121 is formed at the center of the through hole , 
On the memory chip 72 , a memory cell ( not illustrated ) and and a barrier metal 122 is formed around the electrode 121 . 
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Furthermore , the through hole is formed as a through hole < Manufacture of Through Electrode Having First Con 
also penetrating the PMD 104 formed on the Si substrate figuration > 
101 . Manufacture of the through electrode 81 illustrated in 
The barrier metal 122 is a metal film formed such that , for FIGS . 4 and 5 will be described with reference to FIGS . 6 

example , in a case where copper ( Cu ) is used for the 5 to 8 . 
electrode 121 , the copper does not diffuse into an oxide film . In step S11 ( FIG . 6 ) , the Si substrate 101 on which the SiO 
Depending on a material used for the electrode 121 , reli layer 105 having the PMD 104 and the AL pad 113 embed ability of the through electrode 81 , and the like , it is also ded therein is formed is formed . 
possible not to form the barrier metal 122. In a case where In step S12 , a SiO film 151 is formed as a resist on the the barrier metal 122 is formed , tantalum ( Ta ) , titanium ( Ti ) , 10 opposite surface ( lower side in the drawing ) to the SiO layer tungsten ( W ) , zirconium ( Zr ) , a nitride film thereof , a 
carbide film thereof , and the like can be used as a material 105 in order to form a via in a portion where the through 
of the barrier metal 122 . electrode 81 is to be formed . In step S13 , patterning in which 
A hollow groove 123 is formed outside the barrier metal a portion where the via is to be formed is opened is 

122. The hollow groove 123 is a space having a predeter- 15 performed . 
mined width and not filled with a predetermined substance In step S14 , the Si substrate 101 and the PMD 104 are 
such as a solid or a liquid . etched to expose the AL pad 113. In this step , a via 153 is 
A silicon carbide ( SiC ) film 124 is formed between the formed . In step S15 , a resist film , in this case , the SiO film 

hollow groove 123 and the Si substrate 101 . 151 is removed . 
The wiring 111 , the wiring 112 , the AL pad 113 , and the 20 In step S16 , a SiC film 155 is formed on side surfaces of 

electrode 121 may include the same material , for example , the via 153 , an exposed surface of the AL pad 113 , and a 
copper ( Cu ) , or may include different materials . In a case surface other than a portion where the via 153 is opened on 
where the wiring 111 , the wiring 112 , the AL pad 113 , and a bottom surface of the Si substrate 101. The SiC film 155 
the electrode 121 include different materials , for example , is a film to be the SiC film 124 and is formed as an insulating 
the wiring 111 , the wiring 112 , and the AL pad 113 can 25 film of the through electrode 81 . 
include copper ( Cu ) , and the electrode 121 can include In step S17 ( FIG . 7 ) , a SiO film 157 is further formed on 
tungsten ( W ) . SiC film 155. Through this step , as illustrated in step S17 of 

For example , the through electrode 81 may be formed so FIG . 7 , two layers of the SiC film 155 and the SiO film 157 
as to be disposed for each pixel arranged in an array in the are formed in the via 153 . 
pixel region 11 ( FIG . 1 ) . In step S18 , etch back is performed on the two layers of 

The through electrode 81 includes the hollow groove 123 the SiC film 155 and the SiO film 157 formed in the via 153 . 
between the electrode 121 and the Si substrate 101. For In this step S18 , the SiC film 155 and the SiO film 157 
example , in a case where heat is applied when or after the formed on portions other than side surfaces in the via 153 are 
through electrode 81 is manufactured , if parts constituting removed . In other words , the SiC film 155 and the SiO film 
the through electrode 81 have different coefficients of ther- 35 157 formed on a bottom of the via 153 ( a side on which the 
mal expansion , an unnecessary stress may be generated . AL pad 113 is present ) and the bottom surface of the Si 

For example , in the through electrode 81 illustrated in substrate 101 ( a lower side in the drawing , opposite to the 
FIG . 4 , in a case where the hollow groove 123 is not formed Sio layer 105 ) are removed . 
and a portion corresponding to the hollow groove 123 is also By performing the process in step S18 , the AL pad 113 is 
formed using the SiC film 124 , in other words , in a case 40 exposed . Furthermore , two layers of the SiC film 155 and the 
where the barrier metal 122 and the SiC film 124 are in SiO film 157 are formed on a part of the AL pad 113 ( an end 
contact with each other , the through electrode 81 includes side of the opening ) . 
the electrode 121 , the barrier metal 122 , and the SiC film The film thickness of the SiC film 155 and the SiO film 
124 . 157 formed on the side surfaces of the via 153 can be 1 um , 

In a case of such a structure , the electrode 121 , the barrier 45 for example . For example , when the thickness is 1 um , the 
metal 122 , the SiC film 124 , and the Si substrate 101 have SiC film 155 and the SiO film 157 may have the same 
different coefficients of thermal expansion . An unnecessary thickness , that is , in this case , 0.5 um , or may have different 
stress may be generated , and a defect may be generated in thicknesses . 
shape . In step S19 , a barrier metal 159 is formed . The barrier 

According to the through electrode 81 illustrated in FIG . 50 metal 159 is formed on the side surfaces of the via 153 , the 
4 , the hollow groove 123 is formed . Therefore , the hollow exposed surface of the AL pad 113 , and a surface other than 
groove 123 can absorb and relieve a stress that may be the portion where the via 153 is opened on the bottom 
generated by a difference in coefficient of thermal expansion surface of the Si substrate 101. The barrier metal 159 is a 
among the electrode 121 , the barrier metal 122 , the SiC film film to be the barrier metal 122 . 
124 , and the Si substrate 101. Therefore , generation of a 55 In step S20 , the via 153 is filled with a metal material 161 
defect in shape due to generation of an unnecessary stress to be an electrode , for example , tungsten ( W ) or copper 
can be prevented . ( Cu ) . In step S21 , an unnecessary portion of the metal 

Furthermore , the SiC film 124 is used as an insulating material 161 and the barrier metal 159 are removed . For 
film , but the hollow groove 123 can also be used as an example , the process of step S20 is performed by removing 
insulating film . Therefore , insulating performance can be 60 the metal material 161 and the barrier metal 159 formed on 
maintained and improved . Improvement of the insulating the Si substrate 101 by a chemical mechanical polishing 
performance can , for example , reduce an influence of an ( CMP ) method and planarizing the Si substrate 101 . 
electric field from the through electrode 81 on a transistor or Through the steps so far , the electrode 121 , the barrier 
the like connected to the through electrode 81 . metal 122 , and the SiC film 124 constituting the through 

Furthermore , it is possible to laminate chips that can 65 electrode 81 are formed . In a subsequent step S22 , the 
prevent generation of a defect in shape due to generation of hollow groove 123 is formed . That is , in step S22 , the Sio 
an unnecessary stress . The lamination can reduce the size . film 157 is etched , and the SiO film 157 is thereby removed 
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to form the hollow groove 123. This etching can be per- via 153 is opened on an upper surface of the PMD 104. The 
formed by wet etching using a solvent capable of selectively barrier metal 159 is a film to be the barrier metal 122 . 
dissolving Sio . In step S57 , the via 153 is filled with the metal material 
When the hollow groove 123 is formed in this way , the 161 to be an electrode . In step S58 , an unnecessary portion 

process proceeds to step S23 ( FIG . 8 ) . In step S23 , a SiO 5 of the metal material 161 and the barrier metal 159 are 
film 163 is formed on a bottom surface of the Si substrate removed . In a subsequent step S59 , the AL pad 113 is formed 
101 ( a lower side in the drawing , opposite to the SiO layer on the PMD 104 , and the SiO layer 105 is formed . 
105 ) . The SiO film 163 is a film to be the Sio layer 102 . In step S60 , the Si substrate 101 is thinned , and the via 

In step S24 , in order to form a portion corresponding to 153 formed in the Si substrate 101 is thereby exposed . Note 
the wiring 111 ( FIG . 4 ) , the SiO film 163 is processed , and 10 that that a process for forming another portion may be 
a portion ( hole 165 ) to be the wiring 111 is formed . The SiO performed , for example , a wiring layer may be formed on 
film 163 is processed by a process such as application of a the Sio layer 105 , between steps S59 and S60 . 
resist , patterning , or etching . The Si substrate 101 that has been processed in step S60 

In step S24 , a barrier metal 167 is formed in a hole 165 . has a similar configuration to the Si substrate 101 that has 
Furthermore , the barrier metal 167 is also formed on a 15 been processed in step S21 ( FIG . 7 ) . That is , through the 
portion other than the hole 165 of the Si substrate 101 . steps so far , the electrode 121 , the barrier metal 122 , and the 

In step S26 , the hole 165 is filled with copper 169 to form SiC film 124 constituting the through electrode 81 are 
a portion corresponding to the wiring 111. In step S27 , an formed . In a subsequent step , the hollow groove 123 is 
unnecessary portion of the copper 169 and the barrier metal formed . 
167 are removed . This removal can be performed by remov- 20 That is , processes after step S60 can be performed in a 
ing the barrier metal 167 and the copper 169 formed on the similar manner to the processes after step S21 , and therefore 
Si substrate 101 by the CMP method and planarizing the Si description thereof is omitted here . 
substrate 101 as in step S21 . Through such steps , the through electrode 81 having the 

Through such steps , the through electrode 81 having the hollow groove 123 can be formed . 
hollow groove 123 can be formed . < Second Configuration of Through Electrode > 

< Other Manufacture of Through Electrode Having First FIG . 11 is a cross - sectional view illustrating a detailed 
Configuration > second configuration of the through electrode 81 ( here , 

The through electrode 81 having the hollow groove 123 referred to as a through electrode 816 ) in the vertical 
can also be manufactured through another manufacturing direction , and FIG . 12 is a plan view thereof in the horizontal 
process . For example , in the manufacturing process 30 direction . 
described with reference to FIGS . 6 to 8 , the via 153 is The through electrode 816 illustrated in FIG . 11 is dif 
formed on the substrate on which the AL pad 113 is formed . ferent from the through electrode 81 illustrated in FIG . 4 in 
In other words , in a case where a surface of the Si substrate that the SiC film 124 is removed , and the other portions are 
101 on which the AL pad 113 is formed is referred to as an similar . 
upper surface , the case where the via 153 is formed from a 35 The through electrode 81 illustrated in FIG . 4 includes the 
lower surface side after processing on the upper surface side SiC film 124 , and the SiC film 124 functions as an insulating 
is completed has been described as an example . film . The through electrode 81 to which the present tech 

The through electrode 81 can also be formed by perform- nology is applied includes the hollow groove 123 , and 
ing digging from the upper surface side ( the side on which therefore the hollow groove 123 can function as an insulat 
the AL pad 113 is formed ) of the Si substrate 101 so as to 40 ing film . Therefore , as illustrated in FIG . 11 , even in 
form the via 153. The case where the through electrode 81 where the through electrode 81b not including the SiC film 
is formed by performing processing from the upper surface 124 is used , the through electrode can maintain insulating 
side of the Si substrate 101 in this way will be described with performance . 
reference to FIGS . 9 and 10. Note that description of similar In the through electrode 816 illustrated in FIGS . 11 and 
steps to those described with reference to FIGS . 6 to 8 is 45 12 , only a hollow groove 123b is formed between a barrier 
omitted as appropriate . metal 122b ( electrode 121b ) and a Si substrate 1016 . 

In step S51 , the Si substrate 101 on which the PMD 104 According to the through electrode 816 illustrated in FIG . 
is formed is formed . 11 , the hollow groove 123b is formed . Therefore , the hollow 

In step S52 , the via 153 is formed by performing a process groove 123b can absorb and relieve a stress that may be 
such as application of a resist , patterning , or etching in order 50 generated by a difference in coefficient of thermal expansion 
to form a via in a portion where the through electrode 81 is among the electrode 121b , the barrier metal 122b , and the Si 
to be formed . The via 153 is a hole penetrating the PMD 104 substrate 101b . Therefore , generation of a defect in shape 
and dug to a predetermined depth of the Si substrate 101 . due to generation of an unnecessary stress can be prevented . 

In step S53 , the SiC film 155 is formed on side surfaces Furthermore , the hollow groove 123b also functions as an 
and a bottom surface of the via 153 and a surface other than 55 insulating film , and therefore insulating performance can be 
a portion where the via 153 is opened on an upper surface maintained and improved . Improvement of the insulating 
of the PMD 104. Moreover , in step S54 , the SiO film 157 is performance can , for example , reduce an influence of an 
formed on the SiC film 155. Through this step , as illustrated electric field from the through electrode 81b on a transistor 
in step S54 of FIG . 9 , two layers of the SiC film 155 and the or the like connected to the through electrode 81b . 
SiO film 157 are formed in the via 153 . < Manufacture of Through Electrode Having Second Con 

In step S55 , the two layers of the SiC film 155 and the Sio figuration > 
film 157 formed in the via 153 are etched back , and the SiC Manufacture of the through electrode 816 illustrated in 
film 155 and the SiO film 157 formed on a portion other than FIGS . 11 and 12 will be described with reference to FIGS . 
the side surfaces in the via 153 are thereby removed . 13 to 15. The manufacturing process described with refer 

In step S56 , the barrier metal 159 is formed . The barrier 65 ence to FIGS . 13 to 15 includes similar steps to the manu 
metal 159 is formed on side surfaces and a bottom surface facturing process described with reference to FIGS . 6 to 8 , 
of the via 153 and a surface other than a portion where the and therefore description of the similar steps is omitted . 
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Steps S101 to S105 are steps for forming the via 153 in Furthermore , even if the manufacturing process described 
the Si substrate 101b , and are performed in a similar manner with reference to FIGS . 9 and 10 is applied as the manu 
to steps S11 to $ 15 ( FIG . 6 ) . facturing process , the through electrode 81c having the third 

In step S106 ( FIG . 14 ) , a SiO film 157b is formed . In configuration can be manufactured . 
manufacturing the through electrode 816 , it is not necessary Furthermore , similarly to the through electrode 816 hav 
to form the SiC film 124 , and therefore step S17 ( FIG . 7 ) for ing the second configuration , also on the through electrode 
forming the SiC film 155 corresponding to the SiC film 124 81c having the third configuration , the SiC film 124 does not 
can be omitted . have to be formed . In this case , the through electrode 81c on 

In step S106 , the SiO film 157b is formed on side surfaces which the SiC film 124 is not formed can be manufactured 
of the via 153 , an exposed surface of the AL pad 113 , and 10 by applying the manufacturing process illustrated in FIGS . 13 to 15 . a surface other than a portion where the via 153 is opened 
on a bottom surface of the Si substrate 101b . The SiO film < Fourth Configuration of Through Electrode > 
157b is a portion to be the hollow groove 123b by being A fourth configuration of the through electrode 81 will be 

described . 
removed in a later step . FIGS . 17 and 18 are diagrams for explaining the fourth Each of steps S106 to S116 ( FIG . 15 ) can be performed configuration of the through electrode 81. FIG . 17 is a 
in a similar manner to steps S17 to S27 ( FIGS . 7 and 8 ) vertical sectional view , and FIG . 18 is a horizontal plan view . except that each of steps S106 to S116 is performed while A through electrode 81d illustrated in FIG . 17 ( FIG . 18 ) is 
the SiC film 155 is not formed , and therefore description different from the through electrode 81 illustrated in FIG . 4 
thereof is omitted . 20 ( FIG . 5 ) in that a pillar is formed in the electrode 121 ( at the 

In this way , the through electrode 81b having the hollow center of the electrode 121 ) , and the other portions are 
groove 123b can be formed . similar . Therefore , the same reference numerals are given to 

The through electrode 815 having the hollow groove 123b the similar portions , and description thereof is omitted . 
can also be manufactured by applying the step for perform- In the through electrode 81 illustrated in FIG . 4 , the 
ing processing from the upper surface of the Si substrate 25 electrode 121 is formed at the center of the through electrode 
101 , described with reference to FIGS . 9 and 10. Also , in this 81. Moreover , in the through electrode 81d illustrated in 
case , the through electrode 816 can be manufactured through FIGS . 17 and 18 , a pillar 231 is formed at the center of an 
similar steps except that the step for forming the SiC film electrode 121d . In other words , the pillar 231 is formed at 
155 corresponding to the SiC film 124 is omitted . the center of the through electrode 81d illustrated in FIGS . 

< Third Configuration of Through Electrode > 30 17 and 18 , and the electrode 121d is formed around the pillar 
Another configuration of the through electrode 81 will be 231 . 

described . As in the first to third configurations , the barrier metal 122 
FIG . 16 is a diagram for explaining a third configuration is formed around the electrode 121d , the hollow groove 123 

of the through electrode 81. A through electrode 81c illus- is formed around the barrier metal 122 , and the SiC film 124 
trated in FIG . 16 is different from the through electrode 81 35 is formed around the hollow groove 123 to form the through 
illustrated in FIG . 4 in that a hollow groove 123c includes electrode 81d . That is , in this case , in the through electrode 
a SiO film 211 , and the other portions are similar . Therefore , 81d , the electrode 121d , the barrier metal 122 , the hollow 
the same reference numerals are given to the similar por- groove 123 , and the SiC film 124 are formed in a ring shape 
tions , and description thereof is omitted . around the pillar 231 . 

In the through electrode 81 illustrated in FIG . 4 , the 40 The pillar 231 includes silicon ( Si ) . That is , the pillar 231 
hollow groove 123 is formed up to the PMD 104. However , includes the same material as the Si substrate 101 to form an 
in the through electrode 81c illustrated in FIG . 16 , the integral structure . 
hollow groove 123c is formed up to the front of the PMD In this way , in a case where the through electrode 81d has 
104 , and the SiO film 211 is formed in the PMD 104 . a configuration that a ring shape is formed around the pillar 

In other words , the hollow groove 123c is formed only on 45 231 , by performing a basic manufacturing process similarly 
the side surfaces of the Si substrate 101. Moreover , in other to the process for manufacturing the through electrode 81 
words , a space between the through hole in which the having the first configuration , for example , the manufactur 
through electrode 81c is formed and the PMD 104 is filled ing process described with reference to FIGS . 6 to 8 , the 
with an insulating material of SiO . through electrode 81d can be manufactured . 

In this way , in a case where the through electrode 810 has 50 For example , when the via 153 is formed in step S14 
a configuration that the PMD 104 includes the SiO film 211 , ( FIG . 6 ) , by performing patterning or etching such that the 
by performing a basic manufacturing process similarly to the Si substrate 101 is left at the center of the via 153 , a portion 
process for manufacturing the through electrode 81 having corresponding to the pillar 231 is formed . Thereafter , a 
the first configuration , for example , the manufacturing pro- portion around the pillar 231 is filled with a metal material 
cess described with reference to FIGS . 6 to 8 , the through 55 to be the electrode 121d . 
electrode 81c can be manufactured . In this way , by forming the pillar 231 ( leaving the Si 

In a case where the through electrode 81c is manufac- substrate 101 in the via 153 ) and performing the subsequent 
tured , in step S22 ( FIG . 7 ) , when the SiO film 157 is steps , possibility of generation of a defect during manufac 
removed , etching is performed such that the SiO film 157 is turing can be reduced . 
left in the PMD 104 , in other words , such that only the SiO 60 For example , referring again to step S22 ( FIG . 7 ) , when 
film 157 in a portion to be the hollow groove 123c is the through electrode 81 having the first structure illustrated 
removed . in FIG . 7 is manufactured , the SiO film 157 is removed , and 

For example , in step S22 ( FIG . 7 ) , in a case where the SiO the hollow groove 123 is formed . At this time , the electrode 
film 157 is removed by wet etching , by adjusting the 121 may be inclined . 
concentration of a solvent used for the etching , or by 65 A periphery of the electrode 121 in step S22 is hollow , and 
adjusting etching time , etching can be performed while the only an upper portion of the electrode 121 is connected to 
SiO film 157 is left in a desired portion . the SiO layer 105 ( AL pad 113 ) . Such a state is unstable state 
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for the electrode 121. For example , when an external force 81 , the through electrode 81 having any one of the first to 
is applied , the electrode 121 may be inclined toward the fifth configurations described above can be applied to the 
hollow groove 123 side . through electrode 81 . 
By forming the pillar 231 , that is , by leaving the Si A photodiode ( PD ) 319 constituting a pixel 310 receives 

substrate 101 , for example , even if an external force is 5 incident light 301 incident from a back surface ( upper 
applied , the electrode 121c can be prevented from being surface in the drawing ) side of a semiconductor substrate 
inclined toward the hollow groove 123 side . 318. Above the PD 319 , a planarization film 313 , a color 

The through electrode 81d can also be manufactured by filter ( CF ) 312 , and a microlens 311 are disposed . In the PD 
applying the manufacturing process described with refer 319 , the incident light 301 sequentially incident via each part 
ence to FIGS . 9 and 10 as a manufacturing process . 10 is received by a light receiving surface 317 to perform 

Furthermore , similarly to the through electrode 816 hav photoelectric conversion . 
For example , in the PD 319 , an n - type semiconductor ing the second configuration , also on the through electrode region 320 is formed as a charge accumulation region for 81d having the fourth configuration , the SiC film 124 does accumulating charges ( electrons ) . In the PD 319 , the n - type not have to be formed . In this case , the through electrode 81d 15 semiconductor region 320 is disposed in p - type semicon on which the SiC film 124 is not formed can be manufac ductor regions 316 and 341 of the semiconductor substrate tured by applying the manufacturing process illustrated in 318. The p - type semiconductor region 341 having a higher 

FIGS . 13 to 15 . impurity concentration than a back surface ( upper surface ) 
< Fifth Configuration of Through Electrode > side is disposed on a front surface ( lower surface ) side of the 
A fifth configuration of the through electrode 81 will be 20 semiconductor substrate 318 in the n - type semiconductor 

described . region 320. That is , the PD 319 has a hole - accumulation 
FIG . 19 is a diagram for explaining the fifth configuration diode ( HAD ) structure , and the p - type semiconductor 

of the through electrode 81. The present technology ca also regions 316 and 341 are formed so as to suppress generation 
be applied to a through electrode structure for removing of a dark current at each interface between the upper surface 
bumps formed on a back surface side , and FIG . 19 illustrates 25 side and the lower surface side of the n - type semiconductor 
a configuration example of a through electrode 8le in a case region 320 . 
where the present technology is applied to such a through In the semiconductor substrate 318 , the pixel separation 
electrode structure for removing bumps . unit 81f for electrically separating the plurality of pixels 310 

Even in a case where the present technology is applied to from each other is disposed , and the PD 319 is disposed in 
the through electrode structure for removing bumps , a basic 30 a region partitioned by the pixel separation units 81f . In the 
configuration thereof is , for example , similar to the through drawing , in a case where pixels arranged in the pixel region 

11 are viewed from an upper surface side , the pixel sepa electrode 81 illustrated in FIG . 4. Therefore , similar refer ration units 81f are form for example , in a lattice shape so ence numerals are given to the similar portions , and detailed as to be interposed between the plurality of pixels 310 , and description thereof is omitted . 35 the PD 319 is formed in a region partitioned by the pixel In the through electrode 81e formed in the Si substrate separation units 81f . 
101 , an electrode 12le , a barrier metal 122e , a hollow In each PD 319 , an anode is grounded . A signal charge 
groove 123e , and a SiC film 124e are formed in this order ( for example , an electron ) accumulated in the PD 319 is read 
from the center . The AL pad 113 is connected to an upper out via a transfer Tr ( MOS FET ) ( not illustrated ) and the 
surface of the electrode 121e , and wiring 251 is connected 40 like , and output to a vertical signal line ( VSL ) ( not illus 
to a lower surface thereof . In addition , the wiring 251 is trated ) as an electric signal . 
connected to a bump 256 . A wiring layer 350 is disposed on a surface ( lower 

In this way , the through electrode 81e including the surface ) of the semiconductor substrate 318 opposite to a 
hollow groove 123e can also be applied to the electrode back surface ( upper surface ) where a light shielding film 
connected to the bump 256 . 45 314 , the CF 312 , the microlens 311 , and the like are 

< Sixth Configuration of Through Electrode > disposed . 
A sixth configuration of the through electrode 81 will be The wiring layer 350 includes wiring 351 and an insu 

described . lating layer 352 , and is formed such that the wiring 351 is 
The present technology can also be applied to a pixel electrically connected to each element in the insulating layer 

separation unit formed for light shielding between pixels , 50 352. The wiring layer 350 is a so - called multilayered wiring 
and FIG . 19 illustrates a configuration example in a case layer and formed by alternately laminating an interlayer 
where the present technology is applied to such a pixel insulating film constituting the insulating layer 352 and the 
separation unit . In a case where the present technology is wiring 351 a plurality of times . Here , as the wiring 351 , 
applied to the pixel separation unit , a function as an elec- wiring to a Tr for reading out charges from the PD 319 such 
trode is not necessarily required . Therefore , here , a portion 55 as a transfer Tr , and wiring such as a VSL are laminated via 
corresponding to the through electrode 81 in the embodi- the insulating layer 352 . 
ment described above is referred to as a pixel separation unit In the wiring layer 350 , the through electrode 81 
81 % described above can be applied as a through electrode 

FIG . 20 is a cross - sectional view of a pixel illustrating a connecting the wiring 351 . 
configuration example of a pixel including the pixel sepa- 60 A supporting substrate 361 is disposed on a surface of the 
ration unit 81f to which the present technology is applied . wiring layer 350 opposite to the side on which the PD 319 
The pixels illustrated in FIG . 20 are arranged in an array in is disposed . For example , a substrate including a silicon 
the pixel region 11 ( FIG . 1 ) . semiconductor having a thickness of several hundred um is 

Furthermore , each of the pixels can include the through disposed as the supporting substrate 361 . 
electrode 81 described above and can be connected to 65 The light shielding film 314 is disposed on a back surface 
another layer ( substrate ) via the through electrode 81. In a ( upper surface in the drawing ) side of the semiconductor 
case where each of the pixels includes the through electrode substrate 318 . 
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The light shielding film 314 shields a part of the incident In the through electrode 81g illustrated in FIG . 21 , the 
light 301 traveling from an upper side of the semiconductor electrode 121 , the barrier metal 122 , the relieving layer 401 , 
substrate 318 to a lower side of the semiconductor substrate and the SiC film 124 are formed in this order from the center . 
318 . The relieving layer 401 is disposed as a layer for relieving 

The light shielding film 314 is disposed above the pixel a stress that may be generated due to a difference in 
separation unit 81f disposed in the semiconductor substrate coefficient of thermal expansion , and corresponds to the 
318. Here , the light shielding film 314 is disposed on a back hollow groove 123 described above . 
surface ( upper surface ) of the semiconductor substrate 318 The relieving layer 401 includes a material that can 
so as to protrude in a convex shape via an insulating film 315 relieve a stress . Examples of a material for forming the 
such as a silicon oxide film . In contrast , above the PD 319 10 relieving layer 401 include a material that absorbs a stress 

when the stress is applied and returns to its original shape disposed in the semiconductor substrate 318 , the light when the stress disappears ( for example , a material that is an shielding film 314 is not disposed such that the incident light elastic body ) . 301 is incident on the PD 319 , and is opened . Furthermore , the relieving layer 401 may include a low That is , in the drawing , in a case where pixels in the pixel 15 dielectric material so as to have insulating performance . The 
region 11 are viewed from an upper surface side , the planar relieving layer 401 can be , for example , a layer using porous 
shape of the light shielding film 314 is a lattice shape , and silica as a material . 
an opening through which the incident light 301 passes The first to seventh configurations described above can be 
toward the light receiving surface 317 is formed . applied singly , of course , and can also be applied in com 

The light shielding film 314 includes a light shielding 20 bination thereof . 
material that shields light . For example , the light shielding According to the present technology , an electrode isolated 
film 314 is formed by sequentially laminating a titanium ( Ti ) from silicon can be formed by forming a hollow groove in 
film and a tungsten ( W ) film . In addition , the light shielding a silicon substrate . This can reduce an influence of a stress 
film 314 can be formed by sequentially laminating a tita- when the stress is generated . 
nium nitride ( TiN ) film and a tungsten ( W ) film , for 25 Reduction in influence of the stress can prevent deforma 
example . Furthermore , the light shielding film 314 may be tion of the shape due to the stress . For example , when chips 
covered with nitride ( N ) or the like . are laminated , wiring positions of the chips can be prevented 

The light shielding film 314 is covered with the planar- from being shifted . Furthermore , reduction in influence of 
ization film 313. The planarization film 313 is formed using the stress also reduces an influence on device characteristics , 
an insulating material that transmits light . 30 and can relieve a keep out zone ( KOZ ) . 

The pixel separation unit 81f can have a similar configu- Furthermore , insulating performance of a portion that 
ration to the through electrode 81 described above . That is , needs insulation can also be improved . Therefore , capaci 
in this case , a metal material 121f corresponding to the tance between through electrodes ( between wirings ) can be 
electrode 121 is formed at the center of the pixel separation reduced . Furthermore , an influence on a transistor or the like 

35 disposed near a hollow groove can be reduced , and perfor 
The pixel separation unit 81f may be filled with a light mance as a device can also be improved . 

shielding member , for example , a metal material , in order to < Application Example to Endoscopic Surgical System > 
have not only a separating function but also a function of The technology according to the present disclosure ( the 
shielding stray light from an adjacent pixel . present technology ) can be applied to various products . For 

Here , the description will be continued assuming that a 40 example , the technology according to the present disclosure 
light shielding member such as a metal material is filled , and may be applied to an endoscopic surgical system . 
the metal material is referred to as the metal material 121f . FIG . 22 is a diagram illustrating an example of a sche 
A barrier metal 122f , a hollow groove 123f , and a SiC film matic configuration of an endoscopic surgical system to 
124f are formed in this order around the metal material 121 / which the technology according to the present disclosure 
formed at the center of the pixel separation unit 81f . 45 ( the present technology ) can be applied . 

In the pixel separation unit 81f , the barrier metal 122f does FIG . 22 illustrates a situation in which a surgeon ( physi 
not have to be formed . Furthermore , in the pixel separation cian ) 11131 is performing surgery on a patient 11132 on a 
unit 81f , the SiC film 124f does not have to be formed . patient bed 11133 using an endoscopic surgical system 

The metal material 121f may be connected to the light 11000. As illustrated in the drawing , the endoscopic surgical 
shielding film 314 , in other words , may be integrally formed 50 system 11000 includes an endoscope 11100 , another surgical 
therewith . The metal material 121f and the light shielding tool 11110 such as a pneumoperitoneum tube 11111 or an 
film 314 can be formed using the same metal material , for energy treatment tool 11112 , a support arm device 11120 for 
example , a material such as copper or tungsten , and can be supporting the endoscope 11100 , and a cart 11200 on which 
formed at the same time during manufacturing . various devices for endoscopic surgery are mounted . 

In this way , the present technology can also be applied to 55 The endoscope 11100 includes a lens barrel 11101 to be 
the pixel separation unit 81f having the hollow groove 123f . inserted into a body cavity of the patient 11132 in a region 

< Seventh Configuration of Through Electrode > of a predetermined length from a tip thereof , and a camera 
A seventh configuration of the through electrode 81 will head 11102 connected to a proximal end of the lens barrel 

be described . 11101. In the illustrated example , the endoscope 11100 
FIG . 21 is a diagram for explaining the seventh configu- 60 configured as a so - called rigid mirror including the rigid lens 

ration of the through electrode 81. A through electrode 81g barrel 11101 is illustrated , but the endoscope 11100 may be 
illustrated in FIG . 21 is different from the through electrode configured as a so - called flexible mirror including a flexible 
81 illustrated in FIG . 4 in that a relieving layer 401 is formed lens barrel . 
in the portion where the hollow groove 123 is formed in FIG . At the tip of the lens barrel 11101 , an opening into which 
4 , and the other portions are similar . Therefore , the same 65 an objective lens is fitted is disposed . A light source device 
reference numerals are given to the similar portions , and 11203 is connected to the endoscope 11100. Light generated 
description thereof is omitted . by the light source device 11203 is guided to the tip of the 

unit 81f . 
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lens barrel by a light guide extended inside the lens barrel Furthermore , driving of the light source device 11203 
11101 , and is emitted toward an observation target in a body may be controlled so as to change the intensity of light 
cavity of the patient 11132 via the objective lens . Note that output at predetermined time intervals . By controlling driv 
the endoscope 11100 may be a forward - viewing endoscope , ing of the imaging element of the camera head 11102 in 
an oblique - viewing endoscope , or a side - viewing endo- 5 synchronization with the timing of the change of the inten 
scope . sity of the light to acquire an image in a time division An optical system and an imaging element are disposed manner and synthesizing the image , a high dynamic range 
inside the camera head 11102. Reflected light ( observation image without so - called blocked up shadows or blown out light ) from an observation target is converged on the imag highlights can be generated . 
ing element by the optical system . The observation light is 10 Furthermore , the light source device 11203 may be con photoelectrically converted by the imaging element , and an 
electric signal corresponding to the observation light , that is , figured so as to be able to supply light in a predetermined 
an image signal corresponding to an observation image is wavelength band corresponding to special light observation . 
generated . The image signal is transmitted as RAW data to In the special light observation , for example , by irradiation 
a camera control unit ( CCU ) 11201 . with light in a narrower band than irradiation light ( in other 

The CCU 11201 includes a central processing unit ( CPU ) , words , white light ) at the time of ordinary observation using 
a graphics processing unit ( GPU ) , and the like , and inte- wavelength dependency of light absorption in a body tissue , 
grally controls operations of the endoscope 11100 and the a predetermined tissue such as a blood vessel of a mucosal 
display device 11202. Moreover , the CCU 11201 receives an surface layer is imaged at a high contrast , that is , so - called 
image signal from the camera head 11102 , and performs , on 20 narrow band imaging is performed . Alternatively , in the 
the image signal , various image processing for displaying an special light observation , fluorescence observation for 
image based on the image signal , such as development obtaining an image by fluorescence generated by irradiation 
processing ( demosaic processing ) , for example . with excitation light may be performed . In the fluorescence 

The display device 11202 displays an image based on an observation , it is possible to observe fluorescence from a 
image signal subjected to image processing by the CCU 25 body tissue ( autofluorescence observation ) by irradiating the 
11201 under the control of the CCU 11201 . body tissue with excitation light , or to obtain a fluorescent 
The light source device 11203 includes a light source such image by injecting a reagent such as indocyanine green 

as a light emitting diode ( LED ) , for example , and supplies ( ICG ) into a body tissue and irradiating the body tissue with irradiation light for imaging a surgical site or the like to the excitation light corresponding to a fluorescence wavelength endoscope 11100 . of the reagent , for example . The light source device 11203 An input device 11204 is an input interface to the endo can be configured so as to be able to supply narrow band scopic surgical system 11000. A user can input various kinds 
of information and instructions to the endoscopic surgical light and / or excitation light corresponding to such special 
system 11000 via the input device 11204. For example , the light observation . 
user inputs an instruction or the like to change imaging 35 FIG . 23 is a block diagram illustrating examples of 
conditions ( type of irradiation light , magnification , focal functional configurations of the camera head 11102 and the 

CCU 11201 illustrated in FIG . 22 . length , and the like ) by the endoscope 11100 . 
A treatment tool control device 11205 controls driving of The camera head 11102 includes a lens unit 11401 , an 

the energy treatment tool 11112 for cauterizing and cutting imaging unit 11402 , a drive unit 11403 , a communication 
a tissue , sealing a blood vessel , or the like . A pneumoperi- 40 unit 11404 , and a camera head control unit 11405. The CCU 
toneum device 11206 feeds a gas into a body cavity via the 11201 includes a communication unit 11411 , an image 
pneumoperitoneum tube 11111 in order to inflate the body processing unit 11412 , and a control unit 11413. The camera 
cavity of the patient 11132 for the purpose of securing a field head 11102 and the CCU 11201 are communicably con 
of view by the endoscope 11100 and securing a working nected to each other by a transmission cable 11400 . 
space of a surgeon . A recorder 11207 is a device capable of 45 The lens unit 11401 is an optical system disposed at a 
recording various kinds of information regarding surgery . A connecting portion with the lens barrel 11101. Observation 
printer 11208 is a device capable of printing various kinds of light taken in from a tip of the lens barrel 11101 is guided to 
information regarding surgery in various formats such as a the camera head 11102 and is incident on the lens unit 11401 . 
text , an image , and a graph . The lens unit 11401 includes a combination of a plurality of 
Note that the light source device 11203 for supplying 50 lenses including a zoom lens and a focus lens . irradiation light used for imaging a surgical site to the The imaging unit 11402 may include one imaging element endoscope 11100 may include an LED , a laser light source , ( so - called single plate type ) or a plurality of imaging ele or a white light source constituted by a combination thereof , 

for example . In a case where the white light source is ments ( so - called multiplate type ) . In a case where the 
constituted by a combination of RGB laser light sources , the 55 imaging unit 11402 includes multiplate type imaging ele 
output intensity and the output timing of each color ( each ments , for example , an image signal corresponding to each 
wavelength ) can be controlled with high precision , and of RGB may be generated by each imaging element , and a 
therefore adjustment of a white balance of an imaged image color image may be obtained by synthesizing these image 
can be performed by the light source device 11203. Further- signals . Alternatively , the imaging unit 11402 may include a 
more , in this case , by irradiating an observation target with 60 pair of imaging elements for acquiring an image signal for 
laser light from each of the RGB laser light sources in a time each of the right eye and the left eye corresponding to 
division manner and controlling driving of an imaging three - dimensional ( 3D ) display . By performing the 3D dis 
element of the camera head 11102 in synchronization with play , the surgeon 11131 can grasp the depth of a living tissue 
the irradiation timing , it is also possible to image an image in a surgical site more accurately . Note that in a case where 
corresponding to each of RGB in a time division manner . 65 the imaging unit 11402 includes multiplate type imaging 
According to this method , a color image can be obtained elements , a plurality of lens units 11401 can be disposed 
without disposing a color filter in the imaging element . corresponding to the respective imaging elements . 
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Furthermore , the imaging unit 11402 is not necessarily When the display device 11202 displays the imaged image , 
disposed in the camera head 11102. For example , the imag- the control unit 11413 may cause the display device 11202 
ing unit 11402 may be disposed just behind an objective lens to superimpose and display various kinds of surgical support 
inside the lens barrel 11101 . information on the image of the surgical site using the 

The drive unit 11403 includes an actuator , and moves a recognition result . The surgical support information is super 
zoom lens and a focus lens of the lens unit 11401 by a imposed and displayed , and presented to the surgeon 11131 . predetermined distance along an optical axis under control This makes it possible to reduce a burden on the surgeon of the camera head control unit 11405. Therefore , the 11131 and makes it possible for the surgeon 11131 to reliably magnification and the focus of an image imaged by the perform surgery . imaging unit 11402 can be appropriately adjusted . The transmission cable 11400 connecting the camera head The communication unit 11404 includes a communication 
device for transmitting and receiving various kinds of infor 11102 to the CCU 11201 is an electric signal cable corre 
mation to and from the CCU 11201. The communication sponding to communication of an electric signal , an optical 
unit 11404 transmits an image signal obtained from the fiber corresponding to optical communication , or a compos 

ite cable thereof . imaging unit 11402 as RAW data to the CCU 11201 via the 15 
transmission cable 11400 . Here , in the illustrated example , communication is per 

Furthermore , the communication unit 11404 receives a formed by wire using the transmission cable 11400 , but 
control signal for controlling driving of the camera head communication between the camera head 11102 and the 
11102 from the CCU 11201 , and supplies the control signal CCU 11201 may be performed wirelessly . 
to the camera head control unit 11405. The control signal 20 Note that the endoscopic surgical system has been 
includes information regarding imaging conditions such as described as an example here . However , the technology 
information indicating designation of a frame rate of an according to the present disclosure may also be applied to , 
imaged image , information indicating designation of an for example , a microscopic surgery system or the like . 
exposure value at the time of imaging , and / or information < Application Example to Mobile Body > 
indicating designation of the magnification and the focus of 25 The technology according to the present disclosure ( the 
an imaged image , for example . present technology ) can be applied to various products . For 

Note that the imaging conditions such as the above- example , the technology according to the present disclosure 
described frame rate , exposure value , magnification , and may be achieved as an apparatus mounted on any type of 
focus may be appropriately designated by a user , or may be mobile body such as an automobile , an electric vehicle , a 
automatically set by the control unit 11413 of the CCU 30 hybrid electric vehicle , a motorcycle , a bicycle , a personal 
11201 on the basis of an acquired image signal . In the latter mobility , an airplane , a drone , a ship , or a robot . 
case , the endoscope 11100 has a so - called auto exposure FIG . 24 is a block diagram illustrating an example of a 
( AE ) function , a so - called auto focus ( AF ) function , and a schematic configuration of a vehicle control system which is 
so - called auto white balance ( AWB ) function . an example of a mobile body control system to which the 
The camera head control unit 11405 controls driving of 35 technology according to the present disclosure can be 

the camera head 11102 on the basis of a control signal from applied . 
the CCU 11201 received via the communication unit 11404 . A vehicle control system 12000 includes a plurality of 

The communication unit 11411 includes a communication electronic control units connected to one another via a 
device for transmitting and receiving various kinds of infor- communication network 12001. In the example illustrated in 
mation to and from the camera head 11102. The communi- 40 FIG . 24 , the vehicle control system 12000 includes a drive 
cation unit 11411 receives an image signal transmitted from system control unit 12010 , a body system control unit 
the camera head 11102 via the transmission cable 11400 . 12020 , a vehicle external information detection unit 12030 , 

Furthermore , the communication unit 11411 transmits a a vehicle internal information detection unit 12040 , and an 
control signal for controlling driving of the camera head integrated control unit 12050. Furthermore , as a functional 
11102 to the camera head 11102. The image signal and the 45 configuration of the integrated control unit 12050 , a micro 
control signal can be transmitted by electric communication , computer 12051 , an audio image output unit 12052 , and an 
optical communication , or the like . on - vehicle network interface ( I / F ) 12053 are illustrated . 

The image processing unit 11412 performs various kinds The drive system control unit 12010 controls an operation 
of image processing on the image signal which is RAW data of a device related to a drive system of a vehicle according 
transmitted from the camera head 11102 . 50 to various programs . For example , the drive system control 

The control unit 11413 performs various kinds of control unit 12010 functions as a control device of a driving force 
concerning imaging of a surgical site or the like by the generating device for generating a driving force of a vehicle 
endoscope 11100 and display of an imaged image obtained such as an internal combustion engine or a driving motor , a 
by imaging a surgical site or the like . For example , the driving force transmitting mechanism for transmitting a 
control unit 11413 generates a control signal for controlling 55 driving force to wheels , a steering mechanism for adjusting 
driving of the camera head 11102 . a rudder angle of a vehicle , a braking device for generating 

Furthermore , the control unit 11413 causes the display a braking force of a vehicle , or the like . 
device 11202 to display an imaged image of a surgical site The body system control unit 12020 controls operations 
or the like on the basis of an image signal subjected to image of various devices mounted on a vehicle body according to 
processing by the image processing unit 11412. In this case , 60 various programs . For example , the body system control unit 
the control unit 11413 may recognize various objects in the 12020 functions as a control device of a keyless entry 
imaged image using various image recognition techniques . system , a smart key system , a power window device , or 
For example , by detecting the shape , color , and the like of various lamps such as a head lamp , a back lamp , a brake 
an edge of an object included in the imaged image , the lamp , a turn indicator , and a fog lamp . In this case , to the 
control unit 11413 can recognize a surgical tool such as 65 body system control unit 12020 , a radio wave transmitted 
forceps , a specific living body part , bleeding , a mist at the from a portable device substituted for a key or signals of 
time of using the energy treatment tool 11112 , and the like . various switches can be input . The body system control unit 
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12020 receives input of the radio wave or signals and output device capable of visually or audibly notifying a 
controls a door lock device , a power window device , a lamp , passenger of a vehicle or the outside of the vehicle of 
and the like of a vehicle . information . In the example of FIG . 24 , as the output device , 

The vehicle external information detection unit 12030 an audio speaker 12061 , a display unit 12062 , and an 
detects information outside a vehicle on which the vehicle 5 instrument panel 12063 are illustrated . The display unit 
control system 12000 is mounted . For example , to the 12062 may include an on - board display and / or a head - up 
vehicle external information detection unit 12030 , an imag- display , for example . 
ing unit 12031 is connected . The vehicle external informa- FIG . 25 is a diagram illustrating an example of an 
tion detection unit 12030 causes the imaging unit 12031 to installation position of the imaging unit 12031 . 
image an image outside a vehicle and receives an imaged 10 In FIG . 25 , as the imaging unit 12031 , imaging units 
image . The vehicle external information detection unit 12101 , 12102 , 12103 , 12104 , and 12105 are included . 
12030 may perform object detection processing or distance The imaging units 12101 , 12102 , 12103 , 12104 , and 
detection processing of a person , a car , an obstacle , a sign , 12105 are disposed , for example , in a front nose , a side 
a character on a road surface , or the like on the basis of the mirror , a rear bumper , and a back door of the vehicle 12100 , 
received image . 15 in an upper portion of a front glass in a passenger compart 

The imaging unit 12031 is a light sensor for receiving ment , and the like . The imaging unit 12101 disposed in a 
light and outputting an electric signal corresponding to the front nose and the imaging unit 12105 disposed in an upper 
amount of light received . The imaging unit 12031 can output portion of a front glass in a passenger compartment mainly 
an electric signal as an image or output the electric signal as acquire images in front of the vehicle 12100. The imaging 
distance measurement information . Furthermore , the light 20 units 12102 and 12103 disposed in side mirrors mainly 
received by the imaging unit 12031 may be visible light or acquire images on sides of the vehicle 12100. The imaging 
invisible light such as infrared light . unit 12104 disposed in a rear bumper or a back door mainly 

The vehicle internal information detection unit 12040 acquires an image behind the vehicle 12100. The imaging 
detects information inside a vehicle . To the vehicle internal unit 12105 disposed in an upper portion of a front glass in 
information detection unit 12040 , for example , a driver state 25 a passenger compartment is mainly used for detecting a 
detection unit 12041 for detecting the state of a driver is preceding vehicle , a pedestrian , an obstacle , a traffic signal , 
connected . The driver state detection unit 12041 includes , a traffic sign , a lane , and the like . 
for example , a camera for imaging a driver . The vehicle Note that FIG . 25 illustrates examples of imaging ranges 
internal information detection unit 12040 may calculate the of the imaging units 12101 to 12104. An imaging range 
degree of fatigue or the degree of concentration of a driver 30 12111 indicates an imaging range of the imaging unit 12101 
or may determine whether the driver is dozing off on the disposed in a front nose . Imaging ranges 12112 and 12113 
basis of detection information input from the driver state indicate imaging ranges of the imaging units 12102 and 
detection unit 12041 . 12103 disposed in side mirrors , respectively . An imaging 

The microcomputer 12051 can calculate a control target range 12114 indicates an imaging range of the imaging unit 
value of a driving force generating device , a steering mecha- 35 12104 disposed in a rear bumper or a back door . For 
nism , or a braking device on the basis of information inside example , by superimposing image data imaged by the imag 
and outside a vehicle , acquired by the vehicle external ing units 12101 to 12104 on one another , an overhead view 
information detection unit 12030 or the vehicle internal image of the vehicle 12100 viewed from above is obtained . 
information detection unit 12040 , and can output a control At least one of the imaging units 12101 to 12104 may 
command to the drive system control unit 12010. For 40 have a function of acquiring distance information . For 
example , the microcomputer 12051 can perform cooperative example , at least one of the imaging units 12101 to 12104 
control aiming at realizing a function of advanced driver may be a stereo camera including a plurality of imaging 
assistance system ( ADAS ) including collision avoidance or elements , or may be an imaging element having pixels for 
impact mitigation of a vehicle , following travel based on phase difference detection . 
inter - vehicle distance , vehicle speed maintenance travel , 45 For example , the microcomputer 12051 determines a 
vehicle collision warning , vehicle lane departure warning , distance to each three - dimensional object in the imaging 
and the like . range 12111 to 12114 and a temporal change ( relative speed 

Furthermore , the microcomputer 12051 can perform with respect to the vehicle 12100 ) of the distance on the 
cooperative control aiming at , for example , automatic driv- basis of the distance information obtained from the imaging 
ing that autonomously travels without depending on driver's 50 units 12101 to 12104 , and can thereby particularly extract a 
operation by controlling a driving force generating device , a three - dimensional object which is the nearest three - dimen 
steering mechanism , a braking device , or the like on the sional object on a traveling path of the vehicle 12100 and is 
basis of information around a vehicle , acquired by the traveling at a predetermined speed ( for example , 0 km / h or 
vehicle external information detection unit 12030 or the more ) in substantially the same direction as the vehicle 
vehicle internal information detection unit 12040 . 55 12100 as a preceding vehicle . Moreover , the microcomputer 

Furthermore , the microcomputer 12051 can output a 12051 can set an inter - vehicle distance to be secured in 
control command to the body system control unit 12030 on advance in front of the preceding vehicle , and can perform 
the basis of vehicle external information acquired by the automatic brake control ( including following stop control ) , 
vehicle external information detection unit 12030. For automatic acceleration control ( including following start 
example , the microcomputer 12051 can perform cooperative 60 control ) , and the like . In this way , it is possible to perform 
control aiming at antiglare such as switching from high cooperative control aiming at , for example , automatic driv 
beam to low beam by controlling a headlamp according to ing that autonomously travels without depending on driver's 
the position of a preceding vehicle or an oncoming vehicle operation . 
detected by the vehicle external information detection unit For example , the microcomputer 12051 classifies three 
12030 . 65 dimensional object data related to a three - dimensional object 

The audio image output unit 12052 transmits at least one into a two - wheeled vehicle , a regular vehicle , a large 
of an audio output signal or an image output signal to an vehicle , a pedestrian , and another three - dimensional object 
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such as a telegraph pole on the basis of the distance the electrode connects wirings formed in different layers 
information obtained from the imaging units 12101 to 12104 to each other . 
and extracts data , and can use the extracted data for auto- ( 6 ) 
matic avoidance of an obstacle . For example , the micro- The semiconductor device according to any one of ( 1 ) to 
computer 12051 identifies an obstacle around the vehicle 5 ( 5 ) , in which 
12100 as an obstacle that a driver of the vehicle 12100 can the electrode and the wiring include a same material . see and an obstacle that is difficult to see . Then , the ( 7 ) microcomputer 12051 judges a collision risk indicating a The semiconductor device according to any one of ( 1 ) to risk of collision with each obstacle . When the collision risk ( 6 ) , in which is higher than a set value and there is a possibility of 10 the electrode is formed around the semiconductor sub collision , the microcomputer 12051 can perform driving strate left at the center of the through hole . assistance for avoiding collision by outputting an alarm to a ( 8 ) driver via the audio speaker 12061 or the display unit 12062 , 
or performing forced deceleration or avoiding steering via The semiconductor device according to any one of ( 1 ) to 
the drive system control unit 12010 . ( 7 ) , in which 

At least one of the imaging units 12101 to 12104 may be the through hole also penetrates an insulating film formed 
an infrared camera for detecting an infrared ray . For on the semiconductor substrate , and 
example , the microcomputer 12051 can recognize a pedes a space between the through hole and the insulating film 
trian by determining whether or not a pedestrian exists in is filled with an insulating material . 
imaged images of the imaging units 12101 to 12104. Such 20 ( 9 ) 
recognition of a pedestrian is performed by , for example , a The semiconductor device according to any one of ( 1 ) to 
procedure of extracting characteristic points in imaged ( 8 ) , in which 
images of the imaging units 12101 to 12104 as infrared the electrode is connected to a bump . 
cameras and a procedure of performing pattern matching ( 10 ) 
processing on a series of characteristic points indicating an 25 An imaging device including : 
outline of an object and determining whether or not a a photoelectric conversion unit that performs photoelec 
pedestrian exists . If the microcomputer 12051 determines tric conversion ; and that a pedestrian exists in imaged images of the imaging an inter - pixel light shielding unit formed between the units 12101 to 12104 and recognizes a pedestrian , the audio photoelectric conversion units each formed in an adjacent image output unit 12052 controls the display unit 12062 30 pixel through a semiconductor substrate in a depth direction , such that the display unit 12062 superimposes and displays in which a rectangular contour line for emphasis on the recognized 
pedestrian . Furt the audio image output unit 12052 the inter - pixel light shielding unit includes a light shield 
may control the display unit 12062 such that the display unit ing member at the center , and has a space between the light 
12062 displays an icon or the like indicating a pedestrian at 35 shielding member and the semiconductor substrate . 
a desired position . ( 11 ) 

Note that the effects described here are merely examples , The imaging device according to ( 10 ) , further including 
and the effects of the present technology are not limited a light shielding film formed on an incident surface side 
thereto , and may include other effects . of the photoelectric conversion unit , in which 

Note that embodiments of the present technology are not 40 the light shielding film and the light shielding member of 
limited to the above - described embodiments , and various the inter - pixel light shielding unit are integrally formed 
modifications can be made to them without departing from using a same material . 
the scope of the present technology . ( 12 ) 

Note that the present technology can have the following A manufacturing apparatus for manufacturing a semicon 
configurations . 45 ductor device including : 

( 1 ) a through hole that penetrates a semiconductor substrate ; 
A semiconductor device including : an electrode at the center of the through hole ; and 
a through hole that penetrates a semiconductor substrate ; a space around the electrode . 
an electrode at the center of the through hole ; and ( 13 ) 
a space around the electrode . The manufacturing apparatus according to ( 12 ) , in which 
( 2 ) the through hole is formed in the semiconductor substrate , The semiconductor device according to ( 1 ) , in which 
the through hole also penetrates an insulating film formed a film is formed using a predetermined material on a side 

surface of the through hole , on the semiconductor substrate . 
( 3 ) the electrode is formed in the through hole in which the 
The semiconductor device according to ( 1 ) or ( 2 ) , further film is formed , and 

the film is removed to form the space . including 
a barrier metal around the electrode . ( 14 ) 
( 4 ) The manufacturing apparatus according to ( 13 ) , in which 
The semiconductor device according to any one of ( 1 ) to 60 the film includes a two - layer film including different 

( 3 ) , further including materials , and 
an insulating film in the semiconductor substrate and the one - layer film of the two - layer film is removed to form the 

space . space . 
( 5 ) ( 15 ) 
The semiconductor device according to any one of ( 1 ) to 65 The manufacturing apparatus according to ( 14 ) , in which 

( 4 ) , in which the two - layer film includes a SiC film and a SiO film , and 
the semiconductor device has a multilayer structure , and the SiO film is removed . 
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( 16 ) 351 Wiring 
The manufacturing apparatus according to any one of ( 13 ) 352 Insulating layer 

to ( 15 ) , in which 361 Supporting substrate 
after the through hole , the film , and the electrode are 401 Relieving layer 

formed , the semiconductor substrate is thinned , and the film 5 
is removed from the thinned semiconductor substrate . The invention claimed is : 

1. A semiconductor device , comprising : 
REFERENCE SIGNS LIST a through hole that penetrates a semiconductor substrate ; 

an electrode in the through hole , wherein 
10 CMOS image sensor the electrode is around a part of the semiconductor 
11 Pixel region substrate , and 
12 Control circuit the part of the semiconductor substrate is at a center of 
13 Logic circuit the through hole ; 
14 Pixel drive line a barrier metal film around the electrode , 
15 Vertical signal line wherein a material of the barrier metal film includes 
21 Vertical drive unit one of tantalum ( Ta ) , titanium ( Ti ) , tungsten ( W ) , or 
22 Column processing unit zirconium ( Zr ) ; 
23 Horizontal drive unit a space around the barrier metal film ; and 
24 System control unit a first insulating film between the semiconductor substrate 
31 Signal processing unit 
32 Memory wherein the first insulating film is in contact with the 
51 Semiconductor substrate semiconductor substrate . 
52 Semiconductor substrate 2. The semiconductor device according to claim 1 , further 
53 Semiconductor substrate comprising a second insulating film on the semiconductor 
54 Semiconductor substrate 25 substrate , wherein the through hole penetrates the second 
55 Semiconductor substrate insulating film . 
71 Logic circuit chip 3. The semiconductor device according to claim 1 , 
72 Memory chip wherein 
73 CIS chip the semiconductor device has a multilayer structure that 
81 Through electrode includes a plurality of layers , 
101 Si substrate a first layer of the plurality of layers includes a first 
102 SiO layer wiring , 
103 SiO layer a second layer of the plurality of layers includes a second 
105 SiO layer wiring , and 
111 Wiring the electrode connects the first wiring to the second 
112 Wiring wiring . 
113 AL pad 4. The semiconductor device according to claim 3 , 
121 Electrode wherein the electrode and the first wiring include the same 
122 Barrier metal material . 
123 Hollow groove 5. The semiconductor device according to claim 1 , further 
124 SiO film comprising : 
151 SiO film a second insulating film on the semiconductor substrate , 
153 Via wherein the through hole penetrates the second insu 
155 SiC film lating film ; and 
157 SiO film an insulating material between the through hole and the 
159 Barrier metal second insulating film . 
161 Metal material 6. The semiconductor device according to claim 1 , 
163 SiO film wherein the electrode is connected to a bump . 
165 Hole 7. An imaging device , comprising : 
167 Barrier metal a semiconductor substrate ; 
169 Copper a plurality of pixels , wherein 
211 SiO film each of the plurality of pixels includes a photoelectric 
231 Pillar conversion unit that extends in a depth direction of 
251 Wiring the semiconductor substrate , and 
256 Bump the photoelectric conversion unit of each of the plural 
301 Incident light ity of pixels is configured to perform photoelectric 
310 Pixel conversion ; and 
311 Microlens an inter - pixel light shielding unit between the photoelec 
313 Planarization film tric conversion unit of a first pixel of the plurality of 
314 Light shielding film pixels and a second pixel of the plurality of pixels , 
315 Insulating film wherein 
316 p - Type semiconductor region the second pixel is adjacent to the first pixel , and 
317 Light receiving surface the inter - pixel light shielding unit includes : 
318 Semiconductor substrate a light shielding member at a center of the inter - pixel 
320 n - Type semiconductor region light shielding unit ; 
341 p - Type semiconductor region a barrier metal film around the light shielding mem 
350 Wiring layer ber , 
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wherein a material of the barrier metal film a space around the barrier metal film ; and 
includes one of tantalum ( Ta ) , titanium ( Ti ) , an insulating film between the semiconductor substrate 
tungsten ( W ) , or zirconium ( Zr ) ; 

a space between the barrier metal film and the semi 
conductor substrate ; and wherein the insulating film is in contact with the 

semiconductor substrate . an insulating film between the semiconductor sub 
strate and the space , 10. The manufacturing apparatus according to claim 9 , 
wherein the insulating film is in contact with the further comprising a film comprising a specific material on 

semiconductor substrate . a side surface of the through hole , wherein the space is based 
8. The imaging device according to claim 7 , further on removal of the film . 

comprising a light shielding film on an incident surface side 11. The manufacturing apparatus according to claim 10 , 
of the photoelectric conversion unit , wherein 

wherein the light shielding film and the light shielding the film includes a two - layer film including different member of the inter - pixel light shielding unit comprise materials , and the same material . 
9. A manufacturing apparatus to manufacture a semicon- 15 the space is based on removal of one - layer film of the 

ductor device , the semiconductor device including : two - layer film . 
a through hole that penetrates a semiconductor substrate ; 12. The manufacturing apparatus according to claim 11 , 
an electrode in the through hole , wherein wherein 

the electrode is around a part of the semiconductor the two - layer film includes a SiC film and a SiO film , and 
substrate , and the space is based on removal of the SiO film . the part of the semiconductor substrate is at a center of 
the through hole ; 13. The manufacturing apparatus according to claim 10 , 

a barrier metal film around the electrode , wherein after formation of the through hole , the film , and the 
wherein a material of the barrier metal film includes electrode , the semiconductor substrate is thinned , and the 

one of tantalum ( Ta ) , titanium ( Ti ) , tungsten ( W ) , or film is removed from the thinned semiconductor substrate . 
zirconium ( Zr ) ; 
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